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Abstract

This study aimed to enhance the performance and efficiency of linear
spillways by utilizing a new type of spillway known as Roller spillways. In
this model, the structure of the spillway transformed from a simple
vertical wall with a linear crest to a cylindrical shape. The goal was to
create a linear stream without turbulence over the spillway crest. Two
scenarios were examined in this research: the first scenario compared a
simple linear spillway with a Roller spillway, while the second scenario
assessed the impact of installing a blade on the Roller spillway. The results
indicated that the Roller spillway increased the spillway efficiency
(discharge coefficient) by up to 70%. Among the models studied, the
Roller spillway with a blade demonstrated the best performance,
achieving a 30% increase in efficiency without the blade, but with the
installation of a blade along the crest (half the length of the crest), it could

increase efficiency by up to 70% compared to the linear spillway.

Keywords: hydraulic structures, hydraulic engineering, dams,
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Resumen

Este estudio tuvo como objetivo mejorar el rendimiento y la eficiencia de
los vertederos lineales mediante la utilizacion de un nuevo tipo de
vertedero conocido como vertedero de rodillos. En este modelo, la
estructura del vertedero se transformoé de una simple pared vertical con
una cresta lineal a una forma cilindrica. El objetivo era crear un flujo lineal
sin turbulencias sobre la cresta del vertedero. Se examinaron dos
escenarios en esta investigacion: el primer escenario compard un
vertedero lineal simple con un vertedero de rodillos, mientras que el
segundo escenario evalud el impacto de la instalacién de una cuchilla en
el vertedero de rodillos. Los resultados indicaron que el vertedero de
rodillos aumenté la eficiencia del vertedero (coeficiente de descarga)
hasta en un 70%. Entre los modelos estudiados, el vertedero de rodillos
con cuchilla demostré el mejor rendimiento, logrando un aumento del
30% en eficiencia sin la cuchilla, pero con la instalaciéon de una cuchilla a
lo largo de la cresta (la mitad de la longitud de la cresta), se podria
aumentar la eficiencia hasta en un 70% en comparacion con el vertedero

lineal.

Palabras clave: estructura hidraulica, ingenieria hidraulica, presa,

hidrodinamica, mecanica de fluidos, medicion.
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1. Introduction

Spillways are types of hydraulic structures used for the transfer or
passage of floodwaters and excess water from the reservoir to the
downstream side of dams, serving as a fundamental element in their
stability during flood events (Hamidinia et al., 2023). In the networks of
irrigation and drainage, also it is possible regulation the level of water,
flow rate measurement, and stream control (Saghari et al., 2019). Also,
with the sequential construction of spillways the in steep rivers, can
reduce the intensity of erosion (Ghasemi Ghasemvand et al., 2024). Since
spillways have many uses; therefore, investigating and studying them is
of particular importance. Spillway of a dam of dams is actually the ability
to counter a dam against events such as floods. The discharge of water
from spillways is usually associated with two basic problem, the first is
the risk of insufficient discharge capacity and the second is related to the
damaging effects of sedimentation, (Gharibvand et al., 2016). Reports of
dam failures announced reports show that one-third of these failures
occurred due to lack of capacity to discharge the spillways
(Derakhshanifard et al., 2023). For this reason, the International
Commission on Large Dams has recommended that the spillways of high
dams be re-investigated to ensure their safety. Therefore, in orser to
design spillway, should consider floods with large return periods, which is
to leads to an increase in spillway width and consequently higher
construction costs (Gubashi et al., 2024). Non-linear spillways are used
to control and pass flow rate required with low flow rate in cases of limited
width, to prevent flooding of agricultural lands upstream (Muhamad,
2024). To reduce problems in spillways and valves and as well as to

increase their efficiency, they can use combined spillway-orifice structure
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(Aghashirmohammadi et al., 2023). The precise distribution and
measurement of water in order to reduce losses in irrigation and drainage
networks has always been considered. In this direction, spillways and
valve, due to having simple relations than the alternative structures, have
more application (Iranpour et al., 2024). The presence of suspended and
floating materials in water often causes accumulation in the entrance of
the valve and upstream of the spillway. This reduces the precision of flow
rate measurement (Kumar et al., 2020). Among the studies conducted on
spillway-orifice can be referred to the research has been investigated on
the performance of ogee spillways by increasing their effective length and
by modifying the geometry of the convoluted spillway configuration by
creating cuts and slopes along the spillway, they improved its hydraulic
performance They used the VOF method to simulate the flow level profile
and for the current turbulence model in the softener FLOW-3 D from the
turbulence model RNG. Their numerical results showed that in the low
Ht/P ratios, modifications in the ogee spillway structure increased the flow
rate coefficient of the modified ogee spillways. With the increase in the
higher Hr/P ratios, the flow rate coefficient decreased due to the
submergence of the ogee spillway (Ghanbari et al., 2020). They also
investigated the Ilaboratory and numerical effects of geometric
parameters of triangular-trapezoidal ogee spillways on the flow rate
coefficient and energy dissipation. In this research, the flow regime was
investigated using the VOF method and the RNG turbulence model in the
FLOW-3D software for modeling stream turbulence in two different
spillway placements in the reservoir. The results of the good performance
of numerical software in similar to stream and match the numerical and
laboratory results were witness. Also, the flow rate coefficient decreased

with increasing the apex angle of the ogee during the stream passing over
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the apex at high Hr/P ratios. The hydraulic stream over triangular-
trapezoidal ogee spillways is free-stream at low flow rate and submerged
at high flow rates (Ghanbari et al., 2020). Pashazadeh and colleagues
(2016) showed that the combination spillways with valve can be a useful
solution for passing floating materials over the spillway and transferring
sedimentary materials from under the valve. In this research, the
hydraulic properties of different trapezoidal combined spillway-valve
models were investigated under three different valve openings at the end
of a circular channel. The results showed that the obtained flow rate
coefficient correlated well with laboratory results. Razmkah and
colleagues (2021) showed that in ogee spillways with a rectangular plan,
for a constant upstream water height, the flow rate of the ogee spillway
is up to 2.6 times that of a straight spillway, and for a constant flow rate,
the upstream water height of the straight spillway is 1.8 times that of the
ogee spillway, and they also stated that the best range for Ht/P for
designing an ogee spillway that maximizes the discharge coefficient is
between 0.2 and 0.4. In a study by Muhamad Bashar et.al (2024), he
tried to improve the discharge capacity of inclined spillways by rounding
their crests. In this research, twenty-four models of inclined spillways
have been tested, in which the inclination angle (a), spillway height (P),
and crest diameter (D) were varied. The analysis of the results indicated
that the discharge (QOC) increases with an increase in the effective head
above the crest (He). The values of the flow rate coefficient (CD) are
reduced slightly by increasing values of (He/P) and (He/D), and spillways
with smaller inclination angles exhibit lower CD values. An empirical
equation was provided to determine CD in terms of He/P, He/D, and a (in
radians) with a correlation coefficient of 0.9 and a standard error of 0.01.

The highest discharge capacity was obtained from a spillway with a = 20,
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P=20cm, D = 4 cm, and a D/P ratio of 0.2, where the percentage
increase in discharge ranged from 147% to 175% compared to a
conventional sharp-edged spillway. The results of this study showed that
inclined spillways with circular crests have higher discharge capacities
compared to some other spillway shapes. Non-linear spillways, due to
their increased crest length at a fixed cross-section, lead to an increase
in the discharge coefficient compared to linear spillways (Muhamad,
2024). However, non-linear spillways have not gained much attention
from operators due to their complexity and high costs; therefore, linear
spillways are still utilized in some cases (Ariyanmanesh and Heidarnejad,
2020). In this study, we aim to investigate a new linear spillway known
as the Roller Spillway. This spillway model was first used in 2010 at the
Roza Dam in the United States, utilizing a circular cylinder as the spillway
(Figure 1) (USBR, 2010).

Figure 1. Roller Spillway at Roza Dam, United States. Source: USBR,

2010.
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Despite the fact that the primary goal of this structure is to install
blades for aquatic passage, the impact of this spillway type and the blades
on the hydraulic stream has not been studied until now. Therefore, in this
research, we examined the hydraulic conditions and efficiency of this new
structure, and to achieve this goal, we simulated the laboratory model of
this structure. Experiments were designed to investigate three
configurations of this spillway model: in the first case, the Roller spillway
without blades, and in the other two cases, blades were installed along
the entire crest and half of the Roller spillway crest. Additionally, in the
actual model installed at the Roza Dam in the United States, blades are
placed in various positions on the Roller spillway, but in this study, they
are only installed on the crest of the spillway. In addition to laboratory
investigation, this study aims to bridge the gap between experimental
findings and practical engineering applications. Previous research has
shown that modifying spillway geometry can significantly improve
discharge capacity and hydraulic efficiency (Ghanbari et al., 2020;
Hamidinia et al., 2023). By analyzing the results using dimensionless
parameters, the performance of Roller spillways can be extended to
prototype-scale hydraulic structures such as dam spillways and irrigation
channels. The outcomes of this research provide insights for improving
discharge capacity, reducing construction costs, and enhancing flood
safety in real-world conditions (Singh and Kumar, 2022; Derakhshanifard
et al., 2023).
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2. Materials and Methods

Following the introduction of the geometric and hydraulic parameters
affecting the discharge coefficient and energy loss of linear spillways,
dimensionless parameters will be extracted using Buckingham's Tl
theorem. Additionally, the required laboratory equipment for this research
will be mentioned, and finally, the procedure for conducting the

experiments and the range of variables used will be outlined.

2.1. Dimensional Analysis

In order to achieve the objectives of this research, we will first introduce
the parameters governing the hydraulic stream passing through roller
spillways, and then the effective governing parameters in this study will
be presented as dimensionless relationships. The parameters governing

the hydraulic stream in roller spillways are shown in Table 1.
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Table 1. Influential Parameters

Description Parameter Name Symbol Parameter
10,15 and 20 cm Spillway Height P
60cm Effective length of the spillway crest in one cycle L
6.5, 8 and 15 cm Diameter of Roller Spillway D
Wall Thickness of Spillway T
Flow Rate Q
Water Height Above Spillway Crest H
Upstream Velocity \Y
Dynamic Viscosity M
Surface Tension Index o
Specific Weight P
60cm Channel Width L
1,2 and 3 cm Height of Blade Installed on Roller Spillway D

Based on Table 1, the effective geometric, kinematic, and dynamic
variables in free stream over a linear spillway and roller spillway are
represented in Equation (1). Some effective variables are not independent
and can be calculated as dependent variables in the following order. In
this case, the function for the discharge coefficient of the linear spillway

will be represented as Equation (1):

f=(,P,D,T hSQV,uap WH) =0 (1)

Using dimensional analysis through Buckingham's n theorem, the

following function based on 10 dimensionless variables is obtained:
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HWDTTLh Q 6 pVH V
f= -, =,=,= — S)=0 2
P'P’P’'P’'P'P 2 gLHYS  pv2H’ u ’ [gH’ ( )

In Equation (2), the well-known dimensionless parameters include
pVH

the Reynolds number Re = o Froude number Fr = J_’ Weber number
We = ——, and the discharge coefficient Cd = The minimum
pV2H \/_LH15

Reynolds number in this study is 3500, and the flume slope is zero (S =
0); the effects of Reynolds nhumber and S/H are neglected (Neveen Y.
Saad and Ehab M. Fattouh, 2016). Given the constant geometry of the
spillway, the final relationship for the dimensionless parameters affecting

the discharge coefficient in this research will be as follows:
Ca=f(E2) (3)

In Equation (3), Cd is the discharge coefficient for spillways. This
parameter is analyzed to evaluate the performance and efficiency of the
spillway, and the closer this value is to 1, the better the spillway
performance. Therefore, in the rest of the article, the term "efficiency"
refers to this value. The equation used to determine the relationship
between head and discharge for the spillway is based on the standard

discharge equation for sharp-crested spillways (Equation 4):

Q =ZcoL [2gH, (4)
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In Equation (4), Ht is the total head (the sum of velocity head and
hydrostatic head) over the spillway (Singh, D. Kumar, 2022).

2.2. Laboratory Equipment

The experiments in this research were conducted in a flume with walls

made of plexiglass, allowing for visibility of the stream inside (Figure 2).

A ™S Point Gage Adjustment
v , / Valve
7m »

3
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r /
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' .
& =
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Figure 2. Schematic of the Laboratory Flume

To achieve the objectives of this research and based on the
dimensional analysis conducted for the models studied, the variables and

experimental models are presented as follows:

a) Control Spillway Experiment: Three heights, 6.5, 10, and 15 cm,
with a length of 60 cm (Figure 3a).

b) Roller Spillway Control Experiment: Three heights, 6.5, 10, and 15
cm, with a length of 60 cm (Figures 3b and c).
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C) Roller Spillway with Blade: Three blade heights of 1, 2, and 3 cm,
and two blade lengths (30 and 60 cm) on the roller spillway (Figure
30).

The dimensions used above were selected based on the conditions

of the laboratory flume.

Roller wier with blade

A)[ T

Roller wier with blade

Figure 3. Models of the Spillways and Control Linear Spillway
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Initially, to obtain the threshold discharge for submergence, the
depth gauge was set at the location for measuring the water height
upstream of the spillway (Lu) (indicated by the Point Gage arrow in Figure
2) at the height corresponding to the threshold discharge for
submergence. We gradually increased the discharge until the threshold
discharge was identified by the water level reaching the set depth gauge.
After identifying the threshold discharge of the spillway and considering
appropriate ranges and intervals of discharges, five conditions were
selected for testing. In each experiment, after ensuring steady stream,
the passing flow rate (Q) and the water surface height relative to the
spillway crest (h) were directly measured. Generally, the stream profile
measurements in all laboratory models included the static stream height
upstream of the spillway at an appropriate distance, flow rate readings,
and specific surface fluctuations over the spillway. The statistical
population of this research consists of the laboratory models of the roller

spillway at various discharge data points (samples) (Table 2).

Table 2. Statistical population of this research

Number of Model Number of
. Flow rate Spillway Model
Tests Specifications Models
3 heights 5/6, 8 and Simple Spillway (Control
30 9 10 flow rate 3 P P A
15 cm Model)
Roller Spillway (Without
30 D =6.5,8, 16 mm 10 flow rate 3
Blade)
Rolling spillway (with full
90 H=1,2,3cm 10 flow rate 3 (Blade height)
blade, blade length 60 cm)
Rolling spillway (with half-
90 H=1,2,3cm 10 flow rate 3 (Blade height)
blade, blade length 30 cm)
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In total, regarding geometric and hydraulic considerations, with
measurements of ten (10) discharges for each model, a total of 240 tests
will be conducted across all models. The hydraulic conditions tested will
cover discharges ranging from 10 to 50 liters. This range was chosen
based on the scale of the laboratory flume in comparison to first-class
channels and dam bodies, which have a scale between 1:200 to 1:1000.
Consequently, the selected discharge was also chosen based on this scale,
and specific hydraulic conditions were created for each model. After
constructing the spillway models, all control models were first tested,
followed by experiments on the roller spillway. The procedure for
conducting the experiments is as follows: for each test, after installing the
spillway and sealing it with aquarium glue, the components related to
each experiment are installed on the spillway’s outlet slope. Water is then
transferred from the water supply tank and pump to the laboratory
flumes, and the flow rate is adjusted using a butterfly valve. After that,
the water height is measured and recorded at a distance of 40 cm
upstream of the spillway and downstream of the spillway. This distance is
chosen to ensure readings are taken from a calm and undisturbed area,
which enhances measurement accuracy. After data collection from each
model, the flow rate is cut off, the roller spillway is removed, and a new
model is installed for the next series of experiments. This process is
repeated for three spillway heights and three diameters of the roller

spillway, resulting in a total of 240 tests.
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3. Results Analysis

In this research, we examine roller linear spillways, and the results
obtained are analyzed for these spillways. This section's results are

discussed in three parts as follows:

1. Effect of Ht/P on the Discharge Coefficient (Cd)
2. Flow rate stage investigation

3. Practical implications of results

First, Table 3 shows the coding of experiments to simplify the

graphs.
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Table 3. Experiment coding

‘W) Check for updates

Experiment

Experiment

Experiment Name Row Spillway Name Row
cod cod
Roller with a height of 16 Simple line with height
D3h1L60 13 W1 1
with a full blade of 1 cm 5.6
Roller with a height of 16 Simple line with height
D3h2L60 14 W2 2
with a full blade of 2 cm 7.10
Roller with a height of 16 Simple line with height
D3h3L60 15 W3 3
with a full blade of 3 cm 16
Roller with a height of 5.6 Roller with height 5.6
D1h1L30 16 D1 4
with a half blade of 1 cm without blade
Roller with a height of 5.6 Roller with height 7.10
D1h2L30 17 D2 5
with a half blade of 2 cm without blade
Roller with a height of 5.6 Roller with height 16
D1h3L30 18 D3 6
with a half blade of 3 cm without blade
Roller with a height of 7.10 Roller with height 5.6
D2h1L30 19 D1h1L60 7
with a half blade of 1 cm with full blade 1 cm
Roller with a height of 7.10 Roller with height 5.6
D2h2L30 20 D1h2L60 8
with a half blade of 2 cm with full blade 2 cm
Roller with a height of 7.10 Roller with height 5.6
D2h3L30 21 D1h3L60 9
with a half blade of 3 cm with full blade 3 cm
Roller with a height of 16 Roller with height 7.10
D3h1L30 22 D2h1L60 10
with a half blade of 1 cm with full blade 1 cm
Roller with a height of 16 Roller with height 7.10
D3h2L30 23 D2h2L60 11
with a half blade of 2 cm with full blade 2 cm
Roller with a height of 16 Roller with height 7.10
D3h3L30 24 D2h3L60 12

with a half blade of 3 cm

with full blade 3 cm
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3.1. Effect of Ht/P on the Discharge Coefficient (Cd)

According to the studies by Afzalian and Ahadian (2016), before complete
submergence of the stream, the stream blade is in contact with the side
crest, thus surface tension will have an effect. Therefore, the trend of
changes in the discharge coefficient relative to the dimensionless
parameter Ht/P was examined separately. For this purpose, Figures 4 to
6 analyze the effect of Ht/P on the discharge coefficient (Cd). In these
graphs, the horizontal axis represents the dimensionless number Ht/P,
which has a direct relationship with the flow rate, indicating that Ht/P is
representative of Q. The vertical axis of these graphs shows the

dimensionless value of the discharge coefficient (Cd).
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Figure 4. Linear and Roller Spillway

As shown in Figure 4, the shape and height of the spillway affect

the discharge coefficient. Specifically, with a 130% reduction in spillway

height, the discharge coefficient increases by up to 70% for the linear

spillway and up to 90% for the roller spillway. Additionally, as the spillway

height decreases, the performance of the roller spillway is better

compared to the simple linear spillway, which can be attributed to the

improved stream over the roller spillway. The shape of the spillway also

influences efficiency, such that at a fixed height (6.5 cm), the roller

spillway increases the discharge coefficient by up to 25% compared to the
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linear spillway. Comparing these two spillway models indicates that the

roller spillway enhances performance.
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Figure 5. Effect of Ht/P on the Discharge Coefficient (Cd) in Roller

Spillway D1

Figure 5 illustrates the impact of full and half blades on the roller

spillway with a diameter of 6.5 cm. This graph indicates that installing a
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blade on the roller spillway increases efficiency, as the installation of a
half blade (30 cm long) leads to a 27% increase in efficiency, while the
installation of a full blade (60 cm long) results in an 8% decrease in
efficiency. Additionally, there is a 38% difference in efficiency between
the half blade and the full blade at a fixed blade height, with the half blade

demonstrating better performance than the full blade.
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Figure 6. Effect of Ht/P on the Discharge Coefficient (Cd) in Roller
Spillway D2

Figure 6 shows the impact of full and half blades on the roller
spillway with a diameter of 7.0 cm. This graph reveals that installing a
blade on the roller spillway decreases efficiency, as the installation of a
half blade (30 cm long) results in a 25% decrease in efficiency, while the

installation of a full blade (60 cm long) leads to a 68% decrease.
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Furthermore, there is a 40% difference in efficiency between the half
blade and the full blade at a fixed blade height, with the half blade again

showing better performance.

o
o
—— D3h31L60
Ht'P
0 0.3 0.6 0.9
o
o
=—#—D3h3L30
Ht/P
0.15 0.2 0.25 0.3 0.35

0.8
o
U
0.6 —&—D3h21.60
0.4
0.2
HtP
0
0 0.2 0.4 0.6 0.
1
©
&)
0.8
—&—D3h2L30
0.6
0.4
0:2
Ht'P
0
0 0.5 1 1
0.5
o
o
0.49 —8—D3
0.48
0.47
Ht/P
0.46
0 0.3 0

0.8
0.6
0.4
0.2

0.95
0.85
0.75
0.65
0.55
0.45
0.35

.6

b=
& —= D3hIL60
He/P
02 04 06 08
o
3 —s—D3hI130
Ht/P

0 01 02 03 04

Figure 7. Effect of Ht/P on the Discharge Coefficient (Cd) in Roller

Spillway D3
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Figure 7 illustrates the impact of full and half blades on the roller
spillway with a diameter of 16 cm. This graph indicates that installing a
blade on the roller spillway increases efficiency, with a half blade (30 cm
long) leading to a 70% increase in efficiency and a full blade (60 cm long)
leading to a 62% increase. Moreover, there is a 5% difference in efficiency
between the half blade and the full blade at a fixed blade height, with the

half blade demonstrating better performance than the full blade.

Based on Figures 4 to 7, it can be concluded that a roller spillway
with a half-width blade can increase the efficiency of the spillway by up
to 95% compared to a simple linear spillway. Moreover, the half blade
shows better performance than the full blade, which can be explained by
the fact that installing a full blade effectively turns the roller spillway into
a simple linear spillway, thereby reducing efficiency in the linear spillway.
In contrast, the half blade, which occupies half the width of the linear
spillway and has the other half shaped as a semicircle, allows the roller

spillway to perform better.

3.2. Flow rate-water load curves

In this section, we examine the impact of the roller spillway on the output

discharge under a constant water load.
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Figure 8 shows the flow rate-water load curve for simple linear and

roller spillways. At a fixed water height over the spillway crest, the roller

spillway can pass a greater flow rate, such that at a water head of 0.5

meters, the linear spillway passes up to 80% less discharge. However, at

a constant flow rate, for example, 0.01 cubic meters per second, the water

height over the roller spillway crest is up to 200% lower than that of the

linear spillway, indicating that the roller spillway facilitates stream

passage more easily.
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Figure 9. Stage flow rate curve in the roller spillway D1

Figure 9 illustrates the stage flow rate for roller spillways with a

diameter of 6.5 cm with blades. At a fixed water height over the roller

spillway crest, the half-blade roller spillway can pass a greater discharge,

such that at a water head of 0.4 meters, it passes up to 10% more flow

rate than the linear spillway. However, at a constant flow rate of 0.01

cubic meters per second, the half-blade roller spillway has a water height
over its crest that is 9% higher than that of the full-blade roller spillway.
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Figure 10. Stage flow rate curve in the roller spillway D2
Figure 10 shows the stage flow rate curve for roller spillways with
blades with a diameter of 7.0 cm. There is not much difference between
the half-blade and full-blade performance.
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Figure 11. Stage flow rate curve for roller spillway D3
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In the Figure 11, which illustrates the stage flow rate curve for roller
spillways with a diameter of 16 cm with blades, at a fixed water height
over the crest of the roller spillway, the half-blade roller spillway can pass
a greater flow rate, such that at a water head of 0.5 meters, it passes up
to 60% more discharge than the linear spillway. However, at a constant
flow rate, for example, 0.01 cubic meters per second, the water height
over the crest of the half-blade roller spillway is up to 40% lower than
that of the full-blade roller spillway. From the graphs in Figures 8 to 11,
it can be concluded that the roller spillway allows water to stream more
easily over it, and at a constant flow rate, due to the shape of the crest,
it can facilitate faster water passage, which in turn increases the efficiency
of the discharge coefficient in the roller spillway compared to the linear

spillway.

3.3. Practical Implications of Results

The results obtained in this study are presented in dimensionless form
(Ht/P and Cd), which allows their application to prototype-scale structures
through hydraulic similarity principles. Similar approaches have been
widely used in spillway design and analysis (Singh and Kumar, 2022). The
observed increase in discharge coefficient (up to 70%) implies that, for a
given discharge, the required crest length or spillway width can be
significantly reduced. This finding is consistent with previous studies on
nonlinear and labyrinth spillways, where geometric modification leads to
improved hydraulic performance (Muhamad, 2024; Ghanbari et al.,
2020).
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From an engineering perspective, this improvement can lead to
reduced construction costs and enhanced discharge capacity, particularly
in cases where space limitations restrict spillway width expansion
(Gubashi et al., 2024; Kumar et al., 2020).

4. Conclusion

A spillway is a structure for controlling the height and flow rate, used in
dams and channels. The efficiency of this structure enhances its lifespan
and reduces operational costs. In this research, we examined the impact
of a new model of spillway called a roller on efficiency. Additionally, a
blade-like structure was installed across the roller spillway, leading to the

following results:

As the height of the spillway decreases, the discharge coefficient
increases, such that a 128% reduction in the height of the roller spillway

results in a 30% increase in the discharge coefficient.

The shape of the spillway enhances efficiency, with the roller spillway

increasing efficiency by up to 30% at similar heights.

A full blade reduces efficiency by 3% compared to the roller spillway
without a blade in the D1 configuration, while a half blade (30 cm wide)

installed on the roller spillway increased efficiency by up to 30%.
The blade in the roller spillway D2 causes a 50% reduction in efficiency.

The half blade in the roller spillway D3 increases efficiency by up to 70%,
while the full blade increases it by up to 60%.

In addition to the experimental findings, this study demonstrates the
practical applicability of Roller spillways in real hydraulic engineering

projects. The key conclusions are:
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. Roller spillways can significantly improve discharge efficiency (up to

70%), which can reduce spillway width and construction costs.

. The use of dimensionless parameters ensures that the results can

be applied to prototype-scale structures.

. Roller spillways can enhance dam safety by increasing discharge

capacity and reducing upstream water levels during floods.

. Partial blade configurations provide optimal performance and can

be considered in practical design.

5. Discussion

The results of the present study provide clear evidence that modifying the
crest geometry from a conventional linear shape to a cylindrical Roller
configuration significantly enhances the hydraulic performance of
spillways. This improvement is primarily reflected in the increase of the
discharge coefficient (Cd), which in some configurations reached values
up to 70% higher than those of traditional linear spillways. Such an
increase is not only statistically meaningful but also highly relevant from
an engineering design perspective (Gharibvand et al., 2020; Gubashi et
al., 2024).

One of the key aspects of this study is that the analysis was
conducted using dimensionless parameters such as Ht/P and Cd. This
approach allows the findings to be extended beyond laboratory scale and
applied to prototype conditions with a reasonable degree of confidence.
In practical terms, an increase in Cd implies that, for a given discharge,
a smaller crest length or spillway width is required. This can lead to

substantial savings in construction costs, especially in large-scale
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hydraulic structures such as dams, where spillway dimensions directly
affect excavation volume and structural materials (Singh and Kumar,

2022; Razmkah et al., 2021).

From a hydraulic standpoint, the improved performance of the
Roller spillway can be attributed to the smoother flow transition over the
cylindrical crest. Unlike sharp-crested or linear spillways, where flow
separation and turbulence are more pronounced, the Roller geometry
appears to guide the flow more gradually, reducing energy losses and
promoting more stable flow conditions. This observation is consistent with
the reduced upstream head required to pass the same discharge, as
observed in the stage-discharge relationships (Pashazadeh et al., 2016;
Ghanbari and Heidarnejad, 2020).

The role of blade installation on the Roller spillway presents an
interesting and somewhat nuanced behavior. While the addition of a blade
might be expected to enhance flow control, the results indicate that its
effectiveness depends strongly on its length and configuration. In
particular, the half-length blade consistently outperformed the full-length
blade in several cases. A possible explanation is that the full blade alters
the flow pattern in a way that partially negates the beneficial curvature of
the Roller crest, effectively making the flow behave more like that over a
linear spillway. In contrast, the half blade allows part of the flow to benefit
from the curved geometry while still introducing localized flow guidance,
resulting in an optimal balance between control and efficiency (Muhamad,
2024; Gubashi et al., 2024).

When considering real-world applications, these findings are
particularly relevant for situations where spillway capacity is constrained
by geometric or economic limitations. In many existing dams, increasing

spillway width is not feasible due to site constraints or high retrofit costs.
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In such cases, adopting a Roller spillway configuration could provide a
practical alternative for increasing discharge capacity without significant
structural modification (Derakhshanifard et al., 2023; Kumar et al.,
2020). Furthermore, the reduction in upstream water level for a given
discharge can contribute to improved dam safety during extreme flood
events (Saghari et al., 2019; Gharibvand et al., 2016). It is also worth
noting that Roller-type spillways have already been implemented in
specific cases, such as the Roza Dam in the United States, although their
primary purpose in that context was related to ecological considerations.
The present study complements such applications by providing a detailed
hydraulic analysis and demonstrating that these structures can also offer

significant advantages in terms of flow efficiency (USBR, 2010).

Despite these promising results, some limitations should be
acknowledged. The experiments were conducted under controlled
laboratory conditions with a fixed channel slope and limited range of
geometric parameters. Therefore, further research is recommended to
investigate the performance of Roller spillways under varying slopes,
sediment conditions, and larger scale models. Additionally, numerical
simulations could complement the experimental findings and provide
further insight into flow patterns and energy dissipation mechanisms
(Gubashi et al., 2024; Singh and Kumar, 2022).

Overall, the findings of this study suggest that Roller spillways
represent a viable and potentially advantageous alternative to
conventional linear spillways. Their ability to enhance discharge capacity,
reduce upstream head, and optimize structural dimensions makes them
a promising option for both new designs and the rehabilitation of existing
hydraulic infrastructure (Hamidinia et al., 2023; Ghanbari and
Heidarnejad, 2020).

Tecnologia y ciencias del agua, ISSN 2007-2422,
DOI: 10.24850/j-tyca-18-01-02

Open Access bajo la licencia CC BY-NC-SA 4.0
(https://creativecommons.org/licenses/by-nc-sa/4.0/)


https://crossmark.crossref.org/dialog/?doi=10.24850/j-tyca-18-01-02&amp;domain=pdf&amp;date_stamp=2026-05-11

‘W) Check for updates
Tecnologia y

CienciaszAgua

6. References

Afzalian, A., & Ahadian, J. (2016). Piano Key Weirs with Positive Parapet
Wall. Water and Soil Science, 25(4/2), 97-107.
https://doi.org/10.1080/23570008.2023.2210391

Aghashirmohammadi, G., Heidarnejad, M., Purmohammadi, M. H., &
Masjedi, A. (2023). Experimental and numerical study of the effect
of flow splitters on trapezoidal and triangular labyrinth weirs. Water
Science, 37(1), 28-309.
https://doi.org/10.1080/23570008.2023.2210391

Ariyamanesh A., & Heidarnejad M. (2020) Laboratory investigation of the
discharge coefficient of triangular labyrinth weirs with and without
slots and comparing them with piano key weirs. Irrigation and
Drainage, 69 1167-1175. https://doi.org/10.1002/ird.2509

Asghari Pari, S. AM., Razmkhah, A., Asghari Pari, S. AL., & Kordnaeij, M.
(2023). Experimental Study of the Effect of the Location of a
Continuous Porous Obstacle on the Bottom of a Stepped Spillway
on the Characteristics of the Flow. Water Resources Engineering,
16(56), 79-94. https://doi.org/10.30495/wej.2023.28972.2338

Derakhshanifard, M., Heidarnejad, M., Masjedi, A., Bordbar, A., &
Egdernezhad, A. (2023). Experimental Study of Effect of Creating
an Additional Cycle along the Lateral Crest of the Labyrinth Weirs.
Flow  Measurement and Instrumentation, 90, 102306.
https://doi.org/10.1016/j.flowmeasinst.2023.102306

Eslinger, K., & Crookston, B. M. (2020). Energy Dissipation of Type a
Piano Key Weirs. Water, 12(5), 1253.
https://doi.org/10.3390/w12051253

Tecnologia y ciencias del agua, ISSN 2007-2422,
DOI: 10.24850/j-tyca-18-01-02

Open Access bajo la licencia CC BY-NC-SA 4.0
(https://creativecommons.org/licenses/by-nc-sa/4.0/)


https://crossmark.crossref.org/dialog/?doi=10.24850/j-tyca-18-01-02&amp;domain=pdf&amp;date_stamp=2026-05-11

‘W) Check for updates
Tecnologiay ™%==
CienciaszAgua
Ghanbari, R., & Heidarnejad, M. (2020). Experimental and numerical
analysis of flow hydraulics in triangular and rectangular piano key
weirs. Water Science, 34(1), 32-38.

https://doi.org/10.1080/11104929.2020.1724649

Gharibvand R., Heidarnejad M., Kashkouli H A., Hasoonizadeh H., &
Kmanbedast A. (2020). Numerical Analysis of Flow Hydraulic in
Trapezoidal Labyrinths and Piano Key Weirs. Journal of Water and
Soil Science, 24 (1), 45-56.
https://doi.org/10.47176/jwss.24.1.38092

Ghasemi Ghasemvand, R., Heidarnejad, M., Masjedi, A., & Bordbar, A.
(2024). Experimental study of hydraulic losses in linear and
nonlinear weirs: A comparative analysis. Water Science, 38(1),
378-390. https://doi.org/10.1080/23570008.2024.2373954

Gubashi, Karim & Mulahasan, Saad & Hacheem, Zuhair & Rdhaiwi, Ali.
(2024). Effect of the Stepped Spillway Geometry on the Flow Energy
Dissipation. Civil Engineering Journal, 10, 145-158.
https://doi.org/10.28991/CEJ-2024-010-01-09

Hamidinia, M., Heidarnejad, M., Pourmohammadi, M. H., & Masjedi, A.
(2023). Investigation of the effect of increasing the height of the
side wall on the performance of nonlinear weirs. Water Science,
37(1), 304-314. https://doi.org/10.1080/23570008.2023.2245245

Iranpour, A., Egdernezhad, A. & Heidarnejad, M. (2024). Numerical
Investigation of Energy Dissipation in Baffled Piano Key Weirs.
Journal of New Approaches in Water Engineering and Environment,
3(1), 55-70. https://doi.org/10.22034/nawee.2024.451817.1069

Open Access bajo la licencia CC BY-NC-SA 4.0
(https://creativecommons.org/licenses/by-nc-sa/4.0/)

Tecnologia y ciencias del agua, ISSN 2007-2422,
DOI: 10.24850/j-tyca-18-01-02


https://crossmark.crossref.org/dialog/?doi=10.24850/j-tyca-18-01-02&amp;domain=pdf&amp;date_stamp=2026-05-11

‘W) Check for updates
Tecnologiay ™%==
CienciaszAgua
Kumar, M., Sihag, P., Tiwari, N. K., & Ranjan, S. (2020). Experimental
study and modelling of discharge coefficient of trapezoidal and
rectangular piano key weirs. Applied Water Science, 10, 43.
https://doi.org/10.1007/s13201-019-1104-8

Bashar, N.A.M., Zainol, M.R.R.M.A., Aziz, M.S.A., Zawawi, M.H., Mazlan,
A.Z.A. (2024). Hydraulic Properties of Flow Over Different Types of
Spillways: A Review. In: Sabtu, N. (eds) Proceedings of AWAM
International Conference on Civil Engineering (Vol. 3). Springer.
https://doi.org/10.1007/978-981-99-6026-2_50

Pashazadeh M., Heydarpour M., Saghaeian Nejad M., & Razavian H
(2017). Investigation of Simultaneous Flow under Sluice Gate and
over Trapezoidal Weir in Circular Channel. Irrigation and Drainage
Structures Engineering Research, 17(67), 70-80.
https://doi.org/10.22092/aridse.2017.109615

Saghari A, Saneie M, Hosseini K (2019) Experimental study of one-and
two-cycle trapezoidal piano-key side weirs in a curved channel.
Water  Supply, 19 1597-1603. https://doi.org/10.2166/
ws.2019.029

Singh D, Kumar M. (2022) Hydraulic Design Analysis of Piano Key Weirs:
A Review. Arabian Journal for Science and Engineering, 47, 5093-
5107. https://doi.org/10.1007/s13369-021-06370-4

USBR, U.S. Bureau of Reclamation (2010). Reclamation managing water

in the west. Roza Dam Evaluation Post Modifications. U.S.

Department of the interior, Bureau of Reclamation.
https://dashboard.yakamafish-star.net/sites/default/files/2019-
02/Larrick_2011_YBSMC.pdf

Tecnologia y ciencias del agua, ISSN 2007-2422,

Open Access bajo la licencia CC BY-NC-SA 4.0 DOI: 10.24850/j-tyca-18-01-02

(https://creativecommons.org/licenses/by-nc-sa/4.0/)


https://crossmark.crossref.org/dialog/?doi=10.24850/j-tyca-18-01-02&amp;domain=pdf&amp;date_stamp=2026-05-11

	Hydraulic analysis of flow in roller spillways and a comparison with linear spillways
	1. Introduction
	2. Materials and Methods
	2.1. Dimensional Analysis
	2.2. Laboratory Equipment

	3. Results Analysis
	3.1. Effect of Ht/P on the Discharge Coefficient (Cd)
	3.2. Flow rate-water load curves
	3.3. Practical Implications of Results

	4. Conclusion
	5. Discussion
	6. References



<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice





